Bieberbach groups are torsion free crystallographic groups. In this paper, our focus is given on the Bieberbach groups with symmetric point group of order six. The nonabelian tensor square of a group is a well known homological functor which can reveal the properties of a group. With the method developed for polycyclic groups, the nonabelian tensor square of one of the Bieberbach groups of dimension four with symmetric point group of order six is computed. The nonabelian tensor square of this group is found to be not abelian and its presentation is constructed.
INTRODUCTION
A Bieberbach group is a torsion free crystallographic group G with a point group P given by the short exact sequence 11 L G P     , where L is the lattice subgroup. The dimension of the Bieberbach group is the rank of the lattice subgroup. Tan et al [1] found that there are 36 Bieberbach groups with symmetric point group of order six. Three of them are of dimension four, 10 of them are of dimension five and the rest of them are of dimension (1) six. In this paper, our focus is on one of the groups with dimension four, denoted as 1 (4) , B which has a consistent polycyclic presentation as in the following.
The nonabelian tensor square is an essential homological functor which is defined as in the following. Definition 1.1 [2] The nonabelian tensor square of a group , G , GG  is a group generated by the symbols gh  for all ,, g h G  subject to relations The study of the nonabelian tensor square was first started by Brown et al. [3] . Following that, many researchers started to study the properties of the nonabelian tensor square. The nonabelian tensor square of 2-generator Burnside group of exponent 4 [4] and of 2-Engel groups of order at most 16 [5] , to name a few, were computed in the past. Since year 2009, some researchers started to invest on the properties of the Bieberbach groups with certain point groups. The nonabelian tensor squares of Bieberbach groups with cyclic point groups [6] and of Bieberbach groups with dihedral point group [7, 8] were determined. In continuing the efforts in this field, the nonabelian tensor square of 1 (4), B denoted as 11 (4) (4), BB  is determined in this paper.
PRELIMINARIES
In this section, some basic results that are used throughout this paper are included. We start with the definition of the group ( ). G  Definition 2.1 [9] Let G be a group with presentation GR and let G  be an isomorphic copy of G via the mapping
Theorem 2.1 [11] Let G be any group whose abelianization is finitely generated by the independent set , 1,..., .
and let () EG be the subgroup of () G  defined by
and ( ) ( ) [ , ] . 
Theorem 2.3 [3] There is a homomorphism of a group : 
.
xy
 Corollary 2.1 [11] Let G be a group. Then the following hold.
Let G and H be groups and let
. g Otherwise the order of g equals the order of ( ). g  In [1] , the polycyclic presentation of 1 (4) B as in (1) has been shown to be consistent. The following lemmas and theorem, which are also obtained in [1] , are some basic results related to 1 (4 
, , , , , 
by Lemma 2.1 (i)
MAIN RESULTS
In this section, the presentation of the nonabelian tensor square of 1 (4), B denoted as 11 (4) (4) BB  is constructed.
Theorem 3.1
The nonabelian tensor square of 1 (4) B is nonabelian and its presentation is given as follows:
,
Proof. By Theorem 2.2, the isomorphism
Hence, the computation is done by using the commutators. By Lemma 2.4, 
However, some of the generators in (2) 1.
can also be shown to be an identity by using similar arguments. In addition to that, some of the generators in (2) (1) and Lemma 2.1 (i), we proved that .
With the similar arguments, we show that 
, , by (1) by Corollary 2.1 (i) 
